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1 Introduction more positive short-run effects on (test scores of) academic achievement, in particular if retention occurs early in primary school. However, in the long-run, effects on test scores and high school completion remain negative or are, at most, neutral in case of early retention in primary school. 5 In the present study we examine the short-and long-run effects of grade retention in high school on educational achievement in Flanders, the Dutch speaking region in the North of Belgium. The Flemish case is particularly interesting for the following reasons. The PISA studies, which measure since 2000 the academic achievements of 15-year-olds in a wide range of OECD countries, show that the average performance in the assessed skills of Flanders has been persistently close to top. On the other hand, in Flanders the spread in the scores is also much higher than in most other countries and educational performance is highly segmented according to social background. 6 A particular feature of the Flemish high school system is that it consists of very hierarchically ordered tracks that students enter at the start, generally at the age of twelve. This has been labeled the cascade-system, since many pupils start off in a high track and gradually downgrade, i.e. trickle down the cascade. Upgrading from a lower to a higher ordered track is not possible. Downgrading can be a free choice of the student, or imposed by the staff meeting of teachers at the end of the school year if a student did not pass the exams in the main subjects of the track (s)he attended. The imposed downgrading is an alternative remedial measure that avoids grade repetition by reorienting the student to a less demanding track. The aim of this paper is to study the effect of grade retention within this cascade system and also to compare it to track downgrading. Other countries also separate students into different tracks (OECD, 2012, p. 58-60) . More concretely, OECD (2012) compared 34 OECD countries with respect to this differentiation. It turned out that in 19 of these countries students were clustered in different -and more or less hierarchical -tracks, based on their ability and interests. As a consequence, downgrading as remediation is not only of interest to the Flemish educational system.
Using data from retrospective surveys conducted on representative samples of youth belonging to the 1978 and 1980 birth cohorts, we estimate the average treatment effects of grade repetition on retained pupils in eighth, ninth and tenth grade (i.e. the second, third and fourth grade of high school in Flanders). To that purpose, we model and estimate the sequence of decisions that these students (or their parents) take throughout their high school career: track choice (only at the start of high school) and subsequently, each year, the decisions to downgrade or not; to repeat the grade or not; and to drop-out of school or not (only at ages when schooling is no longer compulsory). These students' decisions are each time taken conditional on the teachers' overall end-of-year evaluations, which are also explained in our model. These teachers' evaluations and aforementioned decisions are also allowed to depend on past schooling outcomes.
Our approach fits into the aforementioned FADM and is, hence, most comparable to the work of Fruehwirth et al. (2016) (henceforth FNT) and Gary-Bobo et al. (2016) (henceforth GGR) . A key assumption in this approach is that unobserved determinants of both treatment and outcomes are assumed to be captured by a low dimensional set of common causes (FNT, p. 996). Since we do not have separate measurements of the multidimensional unobserved ability as FNT have in their data, we restrict, as GGR, the factor structure of these unobservables to be unidimensional. The main advantages of the FADM approach are that (i) it exploits the panel structure of the data to identify not only selection on unobservables, but also essential heterogeneity in the treatment effect (Heckman et al., 2006); (ii) in contrast to studies that analyze cross-sections, it can take the dynamic selection into account which prior retention decisions and other schooling outcomes induce in subsequent treated and untreated groups; (iii) it can allow for selection on time-varying unobserved determinants, which matters to avoid bias induced by changes in the environment (school, classroom and peer effects) over grades or time that cannot be controlled for in the data; 7 and (iv) in contrast with RDD, it can identify non-local treatment effects of individuals at some distance from performance thresholds. Taking these issues into account matters. Studies based on FADM, including ours, find, as studies based on RDD, that pupils at the margin of retention benefit from retention in the short-run. However, the effect of retention differs for inframarginal and untreated pupils. FNT and our study report that the effect becomes negative for lower ability children. By contrast, GGR find that the effect of grade repetition is decreasing in ability.
We also contribute methodologically to the FADM-approach. First, we do not only consider educational achievement as outcome (as the other authors using the FADM approach), but also the high school drop-out (as, e.g. Jacob and Lefgren, 2009) , the delay by the end of secondary education (as, e.g. Schwerdt et al., 2015) and the attained track level. Considering not only educational achievement as outcome, but also other (long-term) outcomes is important, because the effect of grade retention has been shown to be more negative on the latter than on the former. Second, by explicitly modeling tracking and the imposed downgrading, we can contrast the relative efficacy of retention and (forced) downgrading. Third, in contrast to the existing literature, we allow for multiple retention and for the fact that pupils may already have been retained prior to the start of the period of analysis, i.e. in kindergarten or primary school. To take into account that early retention may also affect the outcomes in high school (i.e. an initial conditions problem), we follow Wooldridge (2005) and condition the unobserved heterogeneity distribution on the number of years of schooling delay at the start of high school. Finally, we propose a method to deal with a problem of partial observability that we face at the start of high school. In the analysis we distinguish five different tracks, but we can only observe the chosen track from eighth grade onwards. In grade 7 we can only observe a more global division into three tracks. Therefore, in the spirit of Mroz et al. (2016) , we sum the likelihood function over the possible tracks that could have been chosen in grade 7. We innovate by exploiting the information on the chosen tracks in grade 8 to assign more weight to track choices in grade 7 that are more likely given this information.
We find that grade retention has a neutral effect on the evaluation in the next grade. In contrast, the long-term effects are largely adverse. Pupils repeating (for the first time) grade 8 have a 14 percentage point lower chance to graduate from high school. Alternative timing of the retention, i.e. in grade 9 or 10, does not affect these treatment effects. When comparing retention to forced track downgrading as an alternative remedial measure, we observe that this alternative improves relative to retention only in that it does not lead to as much schooling delay by the end of high school.
This study is organized as follows. In Section 2, we present the Flemish (Belgian) educational system with a focus on the functioning of high school. Section 3 describes the data and summarizes basic descriptive statistics of the variables used in the empirical analysis. Section 4 presents the econometric model. Section 5 reports our empirical findings, which are quantified on the basis of counterfactual simulations. Section 6 concludes. An Online Appendix, which can be downloaded from http://users.ugent.be/~bcockx/IA_BCP.pdf, contains the proof of Proposition 1, details on the chosen empirical specification, and the full estimation results.
The Flemish High School System
Flanders is the Dutch speaking region of Belgium, situated in the Northern part of the country. Belgium is a federal country with several competencies devolved to its three Regions (Flanders, Brussels and Wallonia) and three Communities (Dutch, French and German speaking). While the federal authorities are competent for all matters of National importance, territorial and person-related issues are left to Regions and Communities. Since 1988, the Flemish Community is in charge of all aspects of education policy in Flanders.
Compulsory education starts on September 1 of the year in which the child turns 6 years old and ends on 30 June of the year in which (s)he reaches the age of 18. 8 The start of compulsory education coincides with the beginning of primary school. However, children might start one or more years earlier if in kindergarten they are suggested to do so. 9 Grade retention and grade skipping are also allowed in primary school. Hence, pupils start high school at different ages. The regular starting age is the year in which they turn 12. In our research sample outlined in the next section, only 1.1% started high school in the year they turned 11 and 3.7% started with delay.
In the beginning of high school, students are grouped in hierarchical tracks according to their abilities and interests. This is a quite common practice in OECD countries to take the diversity of skills and educational preferences of pupils into account. In this study, as in Van de gaer et al. (2006) and Van Houtte et al. (2012) , we refer to tracking as a system in which students are allocated to different pathways, i.e. tracks, in which they are taught entirely different curricula and may be denied to pursue a track in case of unsatisfactory performance. This differs from setting or banding, when pupils in the same curriculum are taught at different difficulty levels according to their ability (Gamoran et al., 1995) . In Flemish high school, four main tracks can be distinguished: (i) the general track (GHS) provides a primarily theoretical general preparation for tertiary education; (ii) the technical track (THS) consist of a mix of theoretical and practical classes aiming at both direct labor market entry after completion or entry in primarily technical tertiary education; (iii) the vocational track (VHS) teaches practical skills that prepare for particular professions; from age 15 or 16, students in the THS and VHS tracks may move to part-time education, in which formal classroom training can be combined with on-the-job training; (iv) the arts track (AHS) combines general education with active arts practice. In this study, we censor inflows into AHS, nor part-time education in VHS, because too few pupils in our sample choose it. Students graduate from high school if they successfully pass the six grades of GHS or THS or the seven grades of VHS. All high school graduates can enter tertiary education without passing any central entry exam, except for the study of medicine.
Track mobility in high school is possible at the start of each academic year, but it is constrained in the following two ways. First, tracks are hierarchical with the following ordering from high to low: (i) GHS, (ii) THS and (iii) VHS. It is only possible to move down these tracks, not upwards. 10 Moreover, within GHS and THS, a further division of hierarchically ordered sub-tracks can be identified. We label these, respectively, GHS + /GHS − and THS + /THS − . 11 A second constraint is that track changes are not permitted between the before last and last grade, i.e. between grade 11 and 12 in GHS and THS and between grade 12 and 13 in VHS.
At the end of each academic year, pupils receive an evaluation: A, B or C. Pupils getting an A are promoted to the next grade. However, if they wish, they can downgrade the track. Pupils obtaining a C must repeat the grade and, if they wish, can downgrade the track. Pupils who have been awarded a 8 From the age of 15 (conditional on passing the first two years of full-time high education) or 16 (unconditionally), only part-time education is mandatory. 9 The choice to send children to primary education is formally made by their parents. However, in practice, parents follow teachers' judgment of whether their child is school ready (Baert and Cockx, 2013) . In our sample, 1.4% of children started primary school in the year they turned 5 and 1.1% started it when 7 or 8. 10 According to the rules, it is not forbidden to move upwards but, in practice, this is not feasible because students would not have the pre-requirements for certain courses of the higher tracks.
11 More concretely, GHS + comprises the curricula including Latin and/or Ancient Greek and THS + comprises the curricula focused on industrial sciences and on commerce.
B are forced to downgrade in case they want to be promoted to the next grade. They can only avoid track downgrading by repeating the same grade.
Data and Sample
We base our analysis on a survey conducted on two random samples of respondents, one born in 1978 and the other in 1980. Each sample consisted originally of about 3,000 individuals. These individuals were surveyed at the age of 23.
12 They were asked to provide information on some strictly exogenous characteristics (such as gender, birth date, parents' level of education and number of siblings), as well as years in which they started primary school, and year-by-year detailed retrospective information on their high school career: track choices, end-of-year evaluations (A, B or C) and timing of school drop-out or graduation. The data lack information on school and class characteristics and on the place of living within Flanders. The information on tertiary education is not used in this research.
The original sample contains 5, 915 pupils. In order to have a sample of pupils with a homogeneous educational, social and family background, we removed pupils whose grandmother on mother's side had a foreign nationality (584 pupils deleted), pupils who needed special help, temporarily or permanently, and were therefore in special schools, and pupils who started high school when older than 15 (473 pupils deleted). As aforementioned, we also dropped students entering the arts track (103 students), those leaving school before the end of compulsory education (9 pupils), those ending in part-time education (183 students), those with inconsistent or missing information on the end-of-year evaluation and grade mobility (396 pupils) and those with missing values for some of the covariates used in the econometric model outlined in the following section (146 students). Since only 42 students were retained in seventh grade and only 46 students made track transitions involving more than two steps, we deleted their records from our sample. After applying these selection criteria, we ended up with a sample of 3, 933 pupils who were observed in each year of their high school career.
As the survey was conducted at age 23, there is a concern that the detailed schooling history (track choice, end of year evaluations, and timing of school drop-out or graduation) is affected by recall bias (Sudman et al., 1997; Beckett et al., 2001; von Fintel and Posel, 2016) . In order to minimize this bias, the survey contained a detailed calendar with a row for each school year which the respondents were asked to complete line by line in a face-to-face interview. Interviewers were specifically asked to pay attention to the consistency in these responses as they were regarded key information in the survey. The systematic listing of each school year limited the risk of associating an incorrect timing to past events ("telescoping"). Moreover, given that these school events are salient, happen regularly (each schooling year) and refer to a relatively recent phase in the life of the respondents, mistakes are expected to be limited, certainly compared to, e.g., the recall of the irregular timing of transitions between labor market states (Gillian, 2002) . The fact that we had to eliminate only about 6.7% (= 396/5, 915) of the sample because of inconsistent or missing information regarding this schooling history is coherent with the hypothesis of a relatively small recall bias. The 1978 birth cohort reports 4.6 percentage points more inconsistent histories than the 1980 one. However, we believe that this is no reason for concern, because these inconsistencies are in no way related to any of the other predetermined individual characteristics. 13 These birth cohorts were interviewed at two years apart and by different interviewers. Presumably, the quality of the interviewers and/or the instructions that they received has improved over time. Table 1 clarifies the panel structure of our sample. In the top panel we tabulate the number of years in high school and the corresponding relative and absolute frequencies. Most students are observed during six years, the typical duration of high school in case of regular promotion in each grade. Because students can be retained multiple times, students are observed up to 11 years in high school. No student stays less than five years in high school. This is a consequence of compulsory schooling until age 18 and because very few pupils have started high school beyond the age of 13. The bottom panel of Table 1 reports the distribution of observations over each high school grade. Having multiple observations per grade helps in estimating the model including grade-varying unobserved heterogeneity (Section 4.3), i.e. random effects common to students in the same grade. The total number of year observations in our sample is 24, 985, i.e. 6.35 years per individual on average. Table 2 displays summary statistics of schooling attainment and choices modeled in the empirical analysis. In the first columns overall statistics referring to the whole sample are reported. The subsequent columns refer to the subsamples of pupils who have never repeated a grade and those who have repeated a grade at least once in high school. First, we report some outcomes and decisions at the end of the schooling year averaged over the high school career. In our sample on average in each year 91.4% of the pupils get an A, the highest evaluation, while 4.6% and 3.7% obtain a B and a C, respectively. Pupils who have never repeated a grade realize far much better evaluations than those who did repeat at least one grade. Each year around 4.4% of the pupils repeat the grade, either because they choose to do so or because they are forced to as they obtained a C.
14 Over the high school career this leads to 874 out of the 3,933 pupils (22.2%) being retained at least once (see Table 2 below). On average 91.7% of the students graduate with a high school diploma. However, among those students who repeat a grade at least once, 14.9% drop-out from high school. 91.7%
with standard errors robust to heteroscedasticity, and a probit model of this indicator on the set of predetermined covariates reported in Table 3 . Apart from the one associated to the birth cohort, none of the regression coefficients were found to be individually statistically significant at the 5% level. Furthermore, the p-value of joint significance of the latter coefficients was respectively 0.399 and 0.530. These results can be obtained from the authors upon request.
14 This figure is in line with the figures reported in OECD (2004, p. 262) for the whole Belgium.
6 of the pupils never change track, while each year on average 6.4% start the academic year with a one-step track downgrade and 1.9% with a two-step downgrade. Repeaters are only marginally more likely than non-repeaters to experience a one-step downgrade (7.6% versus 6.0%), but the likelihood of a two-step downgrade is much higher: 12.2% against 1.5%. Second, cumulative delay at the beginning of grade 7, grade 8 and in the last year of high school (which is prior to graduation for those who drop-out early). At the beginning of high education, the average number of years of schooling delay is 0.03. By the end of high school pupils have been on average retained during 0.31 years. For those who have repeated at least one grade, the delay is on average 1.29 years. As mentioned above, the delay only starts to accumulate beyond grade 8: no one repeats grade 7. Third, Table 2 reports the relative frequency of track choices at the beginning of grade 7 and grade 8. At the beginning of grade 7, we have only partial information about the school track choice. We only know whether the student is in the vocational track (VHS) or not (i.e. in GHS or THS). This partial observability generates a complication in modeling track choices at the start of grade 7 and subsequent downgrades. We explain how we deal with this in Subsection 4.4. We have more detailed information on the tracks only starting from grade 8. From this grade onwards, we can group track choices into the five hierarchical categories: GHS + , GHS − , THS + , THS − and VHS. At the beginning of grade 7, 4.9% of pupils choose VHS. As a result of some downgrading decisions, this frequency increases up to 7.8% when moving to grade 8; 27.5% are instead in GHS + , 40.9% in GHS − and the remaining 23.8% is split almost evenly between THS + and THS − . By the end of high school the fraction in the higher tracks has substantially decreased in favor of the lower tracks. For instance, by the end of high school the fraction in GHS + is about half of what it was at the start of grade 8, while the fraction in VHS has about doubled. This is a consequence of the important degree of downgrading in Flemish high school. This downgrading is highly correlated with grade repetition. For instance, at the start of high school the fraction in VHS is roughly equally distributed over the two subsamples, while at the end of high school the fraction in VHS is clearly higher in the group that repeated at least one grade. Table 3 reports descriptive statistics of the strictly exogenous covariates conditioned upon in the econometric analysis. About one half of the sample is female and the average day of birth is close to the middle of the calendar year. Out of the 3, 933 pupils in our sample, 1, 967 are born in 1978 and 1, 966 are born in 1980. Almost one half of the pupils have one sibling, 13.6% are only child and 39.3% have more than one sibling. Pupils' fathers are more educated than pupils' mothers, having on average 6.3 years of successful education beyond primary school against 5.9 years for mothers. The parents of the pupils who experienced grade repetition are lower educated on average than the pupils who were systematically promoted from one year to the next. This reflects the selection problem mentioned in the Introduction.
Econometric Model

General Econometric Model and Assumptions
Given the set-up of the Flemish high school system, there are different choices that pupils (or/and their parents) have to make. At the start of high school they must first choose the track in which they commence. Then, at the start of each academic year, they must choose, based on the end-of-year evaluations (A, B or C), whether to repeat the grade or not (only in case of a B) and whether to downgrade the track or not. From age 18 onwards, schooling is no longer compulsory, so that pupils can, from that point onwards, also choose to drop-out of school. Formally, these choices by pupils and teachers (i.e. their evaluations) can be represented by five discrete outcome variables for each pupil i (i = 1, . . . , N ) in each academic year t (t = 1, . . . , T i ; with T i the number of years i is observed in high school):
• tr i7 ≡ Y i01 : track choice at the beginning of high school. Since tracks {VHS, THS − , THS
+ } are hierarchically ordered, tr i7 is an ordered response taking on the following corresponding increasing values: {1, 2, 3, 4, 5}.
• ev it ≡ Y i1t : evaluation at the end of each academic year t. This is an ordered response taking on the following increasing values: {C, B, A} if pupils are not in the last grade and if they are not in the lowest track VHS. Alternatively, if the student is in the last grade year or in the VHS track, the regulations impose (Section 2) that the ordered response can take on two values only: C or A. If C is the outcome, then the student is automatically retained in the subsequent academic year t + 1. If the evaluation is A, the student is promoted to the next grade in year t + 1.
• out it ≡ Y i2t : decision to drop-out of school at the end of year t from age 18 onwards (i.e. the end of compulsory schooling age). out it is equal to 1 if student i decides to drop out of school at the end of year t, 0 otherwise. If out it = 1, no school outcomes are observed for this individual in year t + 1.
• re it ≡ Y i3t : indicator equal to 1 if student i decides at the end of year t to repeat the grade in year t + 1, 0 otherwise. A student can make such a choice only if the end of year evaluation is B.
• dow it ≡ Y i4t : choice at the end of year t to downgrade the track in year t + 1. This choice is in most cases defined as an ordered response, taking on values {0, 1, 2}, where 0 means 'no downgrade', 1 stands for 'one-step downgrade' and 2 is 'two-step downgrade'. When pupils are in VHS, which is the lowest track, they cannot downgrade further, so there is no choice to be taken. If they are in THS − , they cannot make a 'two-step downgrade' so that their choice is dichotomous, either 'no downgrade' or 'one-step downgrade'. When one decides not to repeat the grade after a B evaluation, 'no downgrade' is not possible.
Four out of five of these choice variables are observed at the end of each academic year t, resulting in multiple observations for each individual. Furthermore, since pupils can have to repeat one grade, this generates multiple observations within individuals and within the same grade g, with g = 7, . . . , 13. Only the track choice at the beginning of high school (grade 7), tr i7 , is realized just once.
In what follows, we discuss three assumptions that are crucial to the identification of this model, as will be discussed in Section 4.3.
Assumption 1 (Sequential ordering of outcomes)
Within each academic year t and for t = 1, . . . , T i , the four time-varying outcome variables are realized sequentially with the following chronological order: evaluation at the end of the academic year, ev it ; school drop-out choice, out it ; choice to repeat the grade, re it ; and track downgrade choice, dow it .
Assumption 1 implies that the model is recursive. The distributions of each outcome c in any time period t, conditional on the predetermined variables and lagged outcomes, can be seen as structural in the sense that they are invariant to any changes in endogenous and exogenous variables (Heckman and Vytlacil, 2007, Section 4) . They can, hence, be used to determine causal relationships of past decisions, such as retention in a particular grade, on future outcomes, such as evaluations in subsequent grades.
The assumption that the decision to drop out of school in year t + 1 (out it ) is made after the end-of-year evaluation is natural. Also, the decision to repeat the grade (re it ) in case that ev it = B or to downgrade (dow it ) in year t + 1 is naturally made after the evaluation and the decision not to drop out of school at the end of year t. However, one might question whether in practice the choice to repeat the grade in case of a B precedes the downgrading decision. 15 It is more natural to assume that the choice of grade repetition comes first, because the decision after a B evaluation to promote to next grade just restricts the choice set of the downgrading decision: one has to downgrade in this case. By contrast, if downgrading is first decided upon, the choice of downgrading is implicitly mixed up with the decision to repeat the grade, because if the student decides to stay in the same track, (s)he has implicitly simultaneously decided that (s)he will repeat the grade: no choice is left.
16
Assumption 1 implies no perfect anticipation (Abbring and van den Berg, 2003) : the sequential ordering of the outcomes means that outcomes that realize in the future, e.g. obtaining a C at the end of year t + 1 (i.e. to fail in year t + 1 and to be retained in year t + 2), cannot have an influence on schooling outcomes in the current year, e.g. the evaluation, the decision to downgrade or to drop-out at the end of year t. Note that this assumption does not rule out that pupils predict in year t that they have more chance to fail in year t + 1, but it excludes that they are in year t sure that this will happen in year t + 1 and that they act on this information in year t. The no anticipation assumption would e.g. be violated if a student who fails knows for sure that she will (not) fail in the next year. This is very unlikely.
The educational outcomes are modeled as a sequence of ordered choices each of which is determined by a latent linear index lying within an interval of a set of thresholds. This will be formally stated in Assumption 2. Before doing so, we explain how we deal with endogenous outcomes that are realized before the start of high school and introduce some additional notation.
As mentioned in Section 3, pupils start high school at different ages due to different retention histories either in primary school or in kindergarten, or because they may have skipped a grade. As a consequence, age at the start of high school can take on three values: in i = 0 if the pupil is 12 years old at the start of high school (i.e. high school is started "on time"); in i = 1 if the pupil is 13 years old (i.e. high school is started with one year of delay); in i = −1 if the pupil is 11 years old (i.e. high school is started early). Even if we assume that retention in high school is a new, different, process with no history, we cannot ignore the dependence on earlier retention through in i , because in i and retention in high school are related through common unobserved determinants of high school outcomes. We solve this initial conditions problem in a similar way as Wooldridge (2005) in dynamic nonlinear panel data models with unobserved heterogeneity. This consists in integrating out the unobserved heterogeneity conditional on in i and the observed exogenous explanatory variables. To implement this solution we must make some parametric assumption on how the unobserved heterogeneity distribution depends on in i and the observed exogenous explanatory variables. We follow Wooldridge (2005) by assuming that this dependence can be completely captured by adding in i as a conditioning variable in the conditional mean of latent variables associated to the ordered high school outcomes in Assumption 2 below and that, conditional on in i , the unobserved heterogeneity is independent of the observed exogenous explanatory variables. 17 The independence of the unob- 15 One could argue that these decisions are taken jointly and that each possible combination of these outcomes should be modeled within a multinomial choice model. We did not follow this approach, because it is not clear that such a model is identified with the available data. Even if the assumption of sequential ordering of these choices is not correct, this is expected to have a negligible impact on our findings, because this assumption is only imposed in case the end-of-year evaluation is a B. This concerns less than 5% of the sample each year. 16 We checked which order in the timing provides a best fit of the data by estimating also the model under the alternative ordering assumption and using a Vuong (1989) test to determine whether one of these two non-nested models could be statistically rejected against the other, even if this should be rather considered as a test of functional form than a test of which order is correct. We find that the alternative order of events could be rejected against the one stated in Assumption 1. The value of the asymptotically standard Normal statistic is 3.544 and rejects the alternative hypothesis at a p-value of 0.0002. The complete estimation results and calculation of the test statistic can be found in the Online Appendix E.
17 Wooldridge (2005) does not require this independence assumption, because he follows the approach of Chamberlain (1980) to separately identify the dependence of explanatory variables on unobserved heterogeneity and their causal impact on served heterogeneity conditional on in i will be formally stated in Assumption 3.3 below. This is a strong assumption. However, in view of the small number of pupils not starting high school on time (3.7% of the students start high school late, at age 13, and 1.0% start high school early, at age 11), ignoring this initial condition problem or specifying it differently would hardly affect the results. We checked that the parameter estimates are indeed hardly affected if we ignore in the estimation the 186 individuals who do not start high school on time. Estimation results can be obtained from the authors upon request.
Further, let
] be the row vector collecting the four time-varying outcome variables, 18 z i a vector of predetermined observed explanatory variables, w i a predetermined observed variable only affecting tr i7 . This exclusion restriction is required for identification and is further discussed in Section 4.3.
Assumption 2 (Sequence of ordered latent variable models represented by linear indices and a set of thresholds) The track choice tr i7 and other ordered school outcomes Y ict can be represented by the following latent variables:
with c ∈ {1, . . . , 4}, t ∈ {1, ..., T i } and µ(. . . ; θ ct ) is linear in the vector of parameters θ ct associated to the conditioning variables. * ic−1,t denotes the history of the schooling outcomes prior to the current discrete outcome Y ict including the contemporaneous outcomes that precede Y ict in time period t. So, * ic−1,t ≡ (Y ic−1t , ..., Y i1t , it−1 ). In the latter expression, it−1 denotes all the realizations of the endogenous variables from t − 1 until the start of the processes, i.e. it−1 ≡ (Y it−1 , . . . , Y i1 , tr i7 , in i ). u ict are unobserved individual specific components with E(u ict ) = 0. Finally, in Assumption 3 we characterize in three steps the assumptions that we make in regard to the unobserved determinants of the considered outcome variables. We first formally state these assumptions and then discuss them.
Assumption 3
3.1 One factor specification of unobservables ∀c ∈ {0, ..., 4}, g ∈ {7, . . . 13} :
In this specification, v i1 (g) are unobserved grade specific "factors" common to all outcomes c. Further, δ c7 and δ cg (re is ) t−1 s=1 are unknown "factor loadings" associated to each outcome. Clearly, for t > 1, these factor loadings can depend on the history of past retention (re is ) t−1 s=1 . Factor loadings δ 17 and δ 1g (0, ..., 0) are normalized to 1. Finally, ict are i.i.d. error terms. It is assumed that v ic (g) ⊥ ⊥ ict and that ∀ct = (ct) : ict ⊥ ⊥ i(ct) . the outcome. This is not possible in our study because it requires time variation in the explanatory variables, which there is not.
18 In principle we should distinguish for t > 1 in the notation between observed and counterfactual outcomes Yit(rei1, ..., reit−1) ≡ Yit(reis) t−1 s=1 , where (reis) t−1 s=1 denotes the counterfactual history of retention, one of which is only observed. In what follows we do not explicitly make this distinction for notational convenience. The reader should be able to deduce from the context whenever we refer to a counterfactual outcome, in which case the outcomes are implicitly conditioned on the counterfactual history (reis) t−1 s=1 . Treatment effects, e.g., should be defined in terms of the counterfactual outcomes. A particular treatment effect of interest is that of some history of retention relative to no retention in any grade of high school, i.e. Yict(reis) t−1 s=1 − Yict(0, ..., 0). We refer to FNT for a discussion of the simpler case in which an individual can be retained at most once.
3.2 Random independent grade-specific unobserved persistent shocks v * i1 (g) v i1 (7) ≡ v * i1 (7) and ∀g ∈ {8, . . . , 13} :
In this specification, δ * j (g) ∈ R is an unknown parameter that depends on j and g. Further, v * i1 (g) are mutually independent random persistent shocks: ∀g = g ∈ {7, . . . , 13} :
3.3 Independence between unobservables and observables ∀c, t, g :
In Assumption 3.1 we restrict the unobservables within grade g between choices c to depend perfectly on each other: all random unobserved determinants of outcome c in grade g, v ic (g), are proportional to the unobserved determinants of outcome 1, v i1 (g). This means that we impose a onefactor specification on the unobserved determinants within a grade. The aim of imposing such a lowdimensional set of "common" causes is to accommodate both essential heterogeneity in the treatment effect (Heckman et al., 2006) 19 and grade-varying unobserved shocks. This matters because low ability students are more likely to be retained and to learn at a slower pace than high ability students, and because there are unobserved shocks that affect both selection into grade repetition and the related treatment effect. FNT show that in a similar factor specification and similar assumptions the model is non-parametrically identified. We follow their argument to prove identification of our model in Section 4.3.
In Assumption 3.2, we follow FNT by assuming that in each grade a new independent, but persistent shock v * i1 (g) arrives.
20 Consequently, in each grade the unobserved determinant v i1 (g) of the retention and other schooling outcomes consists in the sum of the current and past shocks. The persistent dependence on past shocks induces dependence of the grade-specific shocks v i1 (g) across grades. The reader might notice that this assumption is equivalent to allowing unrestricted dependence of the v i1 (g) across grades g. In the estimation we exploit this equivalence and directly estimate the joint distribution of the v i1 (g) for g ∈ {7, . . . , 13} rather than the distributions of the v * i1 (g). This also implies that we do not estimate the δ * j (g) (Subsection 4.2). Finally, as mentioned earlier, Assumption 3.3 implies that the distribution of unobserved heterogeneity v i1 (g) is independent of in i , the "initial condition". Hence, we no longer need to condition the unobserved heterogeneity distribution on in i when we integrate it out of the likelihood function (Section 4.2).
Derivation of the Likelihood Function
Let V i be a random 5 × 7 matrix capturing for each of the 5 choices c ∈ {0, . . . , 4} the (possibly grade-varying) unobserved determinants of our outcome variables:
g=7 and v i0 ≡ v i0 (7). Based on the chain rule and Assumptions 1 and 3.1 (but ignoring in the notation the dependence of δ cg on the history of 19 Formally, Assumption 3.1 makes the factor loading δcg, which is associated to the unobserved determinants vic(g) of the schooling outcome c in grade g, dependent on the past history of grade repetition (reis) t−1 s=1 . This generates individual specific unobservable gains of the treatment, i.e. of a particular history of retention, relative to the counterfactual of no retention: δcg(reis)
FNT consider the special case in which pupils can be retained at most once in a grade. Then, the history of retention is fully captured by the moment that it has taken place. We generalize by allowing for multiple grade repetitions in our analysis. 20 In fact FNT allow for new shocks in each time period t. Our data only allow non-parametric identification of new shocks arriving in each grade (Subsection 4.3). retention (re is ) t−1 s=1 ), we can write the joint distribution D(tr i7 , Y i |z i , V i , in i ) as:
where s it is an indicator equal to 1 if student i is 18 or older (and, thereby, can legally drop-out), lg it is an indicator equal to 1 if the student is attending the last grade of high school (and, thereby, must repeat the grade after a B evaluation when not dropping out) and vt it is equal to 1 if the student is in the GHS or THS track and 0 if (s)he is in the VHS track (and, thereby, cannot downgrade). Note that in Equation (3) the grade g is related to t: g = 6 + t, except if the individual has been retained in the past (i.e. re is = 1 for some s < t). So, generally we have that g = 6 + t − 1 {∀t:t>1} (t)
s=1 re is , where 1 A (x) defines the indicator function, equal to one if x ∈ A and zero otherwise.
If we specify the parametric forms F (.|.; θ ct ) for the conditional probability distribution functions of the outcome variables D ct (.|.) and for δ cg (re is ) t−1 s=1 (as we do in Section 4.4 and Online Appendix C), the joint distribution function in Equation (3) defines the likelihood contribution for individual i conditional on the unobserved heterogeneity v i1 . Since by Assumption 3.3 this unobserved heterogeneity is independent of the observed conditioning variables, including the initial condition in i , we can integrate out this unobserved heterogeneity provided that we specify its distribution function. If we denote this distribution by G(v i1 ; ρ), where ρ is a vector of unknown parameters, then we obtain the unconditional log-likelihood function by taking the logarithm of this marginal joint probability distribution function for each individual i and summing over all the individuals in the retained sample:
where L i (θ, ρ) is the individual contribution to the likelihood and θ is the vector of parameters fully characterizing the probability distribution functions conditional on v i1 . 21 For notational convenience, we do not substitute out vic(g) by δcgvi1(g) in Equation (4).
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Identification
We use a very similar identification argument as the one FNT present for the single-dimensional ability example in their Section IV.B. This approach differs from the one in Carneiro et al. (2003) in that it exploits higher-order moments. As such, it requires less "measurements", i.e. outcomes which do not depend on the treatment status. 22 Key in the identification argument is that the schooling outcomes in the first period are "free of selection", i.e. one cannot have been retained prior to the first period, neither can the outcomes in the first period be affected by a subsequent retention.
23
Under this assumption and the assumption that there is only one unobserved factor that affects both selection into retention and the schooling outcome (Assumption 3.1), one can identify the distribution of this unobserved factor from the cross moments between this first schooling outcome and the first selection into retention. Once this unobserved component is identified, one can condition on it to control for the selection of low ability students into retention and identify the effect of retention in the previous period on the schooling outcome in the next period. In each subsequent time period the same argument can be followed, conditional on the previously unobserved components. Using the within next period's cross moments between at least two outcomes, one can then identify within each subsequent time period a new unobserved persistent component that is independently distributed from the previous ones and, hence, time-varying unobserved heterogeneity components. FNT (p. 997) argue that this approach is similar to "matching", where the conditional independence assumption holds after conditioning not only on observable, but also unobservable determinants.
Because our model differs from that of FNT in a number of respects, we must adapt the identification argument. A first point is that the schooling outcomes in the first period are not "free of selection". First, there is an initial conditions problem because not all pupils start high school at the same age. As explained in Section 4.1, this is solved as in Wooldridge (2005) by conditioning the all schooling outcomes on this age. Second, the first observed schooling outcome tr i7 induces selection on the second outcome ev i1 , because individuals are not randomly selected into tracks.
24 Proposition 1 below states two sufficient conditions (a continuous exclusion restriction or the presence of two continuous explanatory variables) based on which this selective dependence is identified. Because all schooling outcomes in our data are discrete and not continuous, the sufficient conditions require continuous variables. If the schooling outcomes would have been continuous, e.g. test scores, such as in FNT, then this requirement could have been relaxed.
A second difference with FNT is that we cannot allow for unrestricted time variation in the unobserved heterogeneity. By the discrete nature of our outcome variables, this would require a continuous exclusion restriction or at least two continuous explanatory variables determining two outcome equations within each time period. Our data just contains an exclusion restriction for tr i7 the track choice at the start of high school and, hence, not in each time period (see below). However, by imposing that unobserved random shocks v ic (g) are constant within each grade, we can identify the distributions of these shocks on the basis of the cross moments of the error terms between two time periods within the same grade. This is because the idiosyncratic error terms ict are unrelated to these cross moments, as they are independently distributed over time (Assumption 2.3). Hence, identification of the unobserved shocks v ic (g) is based on the individuals retained in grade g.
A final set of differences is that we consider more schooling outcomes and allow for multiple retention and an initial conditions problem. Considering more outcomes actually facilitates identification, because it allows to form more cross moments from which the unobserved factors can be identified. We do not exploit these. This means that our model is over-identified. Allowing for multiple retention makes the identification argument more tedious, as it multiplies the number of possible treatments (any combination of different timing and occurrence). It does not however complicate the identification argument in any substantial way.
The following proposition states two sufficient conditions for non-parametric identification of the general econometric model that we specified in the previous subsection.
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Proposition 1 (Non-parametric identification) If (i) Assumptions 1-3 are satisfied, (ii) z i has full rank, (iii) the distribution functions of u ict ≡ δ cg (re is ) t−1 s=1 v i1 (g) + ict (∀c, t, g) are absolutely continuous and strictly increasing over their supports, where v i1 (7) and ic1 have finite moments (at least up to the fourth order), and, (iv) ∀ct : δ cg (re is ) t−1 s=1 = 0, 26 then one of the two following conditions is sufficient for non-parametric identification of the model that we defined in Section 4.1:
1. There is at least one explanatory variable w i that varies continuously over the set of real numbers R and that affects tr i7 ≡ Y i01 , but not any other outcome Y ict = Y i01 conditional on tr i7 (exclusion restriction), or 2. there is no exclusion restriction ({w i } = ∅), but there are at least two components of z i that vary continuously over the set of real numbers R.
Proof. See Online Appendix A. Our model does not satisfy the second sufficient condition of Proposition 1. As a consequence, we rely on the aforementioned first condition. More concretely, the results that we report below are based on a model which includes day of birth only in the track choice equation. Calendar day of birth is a multi-valued explanatory variable that strongly determines track choice at the start of high school tr i7 and it is assumed that this variable can be excluded as determinant from any of the subsequent schooling outcomes. Two concerns with respect to this exclusion restriction must be discussed here. First, the literature on relative age effects shows that relative age affects socio-economic outcomes beyond the first schooling outcomes (Bedard and Dhuey, 2006; Sprietsma, 2010; Alet et al., 2013) . However, Bedard and Dhuey (2006) and Sprietsma (2010) find that most of the relative age effect comes from its impact on the initial selection of pupils into different grades, from intra-class ability grouping and from initial grade repetition, rather than from a long-run direct impact. Alet et al. (2013) exploit this to assume that quarter of birth only has a direct impact on both the first grade test score and the first/second grade repetition, but not on subsequent test scores. We make a similar assumption justified on the grounds that within the hierarchical school system in Belgium the track choice at the start of high school coincides very much with an ability grouping and that conditional on this grouping the relative age only plays a minor role in subsequent high school outcomes. The fact that day of birth does not significantly affect any of these outcomes and hardly has any impact on our findings when we do include it as explanatory variable in these subsequent outcomes is comforting.
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25 In contrast to the proof of FNT for the single dimensional ability case, we do not require that the distributions of v * i1 (g) are asymmetric. We indeed exploit fourth order rather than third order cross moments of the error terms of the schooling outcomes. 26 This means that for each t all the vict are perfectly correlated over outcomes c: independence is not permitted. 27 While the associated coefficient is highly significant in the track choice equation, it is not statistically significant in any other equation, except for the drop-out equation. The p-value of the joint test of significance of day of birth in all equations except for in the drop-out equation is 0.750. It becomes 0.034 if the drop-out equation is included. The significance of day of birth in the drop-out equation is unrelated to a direct relative age effect. It is rather the consequence of the rule that compulsory education ends on June 30 of the year in which students turn 18. Indeed, if we add in the drop-out equation an indicator equal to 1 if the individual was born after June 30 and 0 otherwise, the significance of the day of birth in the drop-out equation Second, calendar day of birth does not vary over the full support of R. This implies that there can be at most identification over a segment of the support of v i1 . Moreover, since this variable is not continuous, identification is only ensured at discrete points of this support. Nevertheless, given that the exclusion restriction is multi-valued and, hence, close to continuous and since the inclusion of more than two schooling outcomes per time period provides further identifying restrictions, we believe that this cannot be a major problem in practice.
Model Restrictions
In order to facilitate estimation and increase precision, we impose further restrictions on our model:
1. We assume that the parameters θ ct of the linear index µ(.; θ ct ) are separable in c and g and are therefore constant over time t within grade g: θ ct = [θ c θ g ]. In addition, in the empirical analysis we consider two models. The first is a linear index in the conditioning variables, while the second adds, to allow for treatment heterogeneity, an interaction term of this linear index with the indicators of past grade repetition.
2. The dependence on the past history of outcome variables is restricted in the following way: (i) the preceding outcomes within the same period are generally included; (ii) the downgrading decision only in the previous year is conditioned upon (first order Markov property); (iii) the grade repetition of the previous year re it−1 is conditioned upon, and the history of grade repetition prior to year t − 1 is summarized by zero-one indicator pre it−1 , equal to one if the student has ever repeated a grade in high school in years prior to year (t − 1); (iv) the average effect of the grade is captured by an indicator of the grade occupied in the beginning of year t, which is determined by time t and the number of past grade repetitions; (v) an indicator of track choice at the beginning of year t is included; this depends on the initial track choice and the history of downgrading.
3. We assume a discrete distribution for the one-factor heterogeneity distribution G(v i1 ; ρ), with unknown support points and probability masses. The number of support points is chosen by minimizing the Akaike information criterion (AIC).
4. The loading factors are assumed to be constant across grades: δ cg (.) = δ c (.), and their dependence on the past grade repetition restricted to (re i,t−1 , pre i,t−1 ); moreover, the parameters of the interaction of v i1 (g) with (re i,t−1 , pre i,t−1 ) (determining essential heterogeneity) are restricted to be the same as those of the interactions of the linear index of the observed conditioning variables with (re i,t−1 , pre i,t−1 ) mentioned in point 1.
5. The ict are assumed to have a logistic distribution, so that the F (.|.; θ . )'s in Equation (4) are (ordered) logit models.
The Online Appendix C contains a detailed description on how the different functions of the model are parametrically characterized as a result of these restrictions.
Partial Observability of Track Choice at the Start of High School
Finally, in the empirical application we do not maximize the log-likelihood exactly as expressed in Equation (4), because we face a problem of partial observability. As mentioned in Section 3, we have only partial information about the school track choice tr i7 at the start of high school. We only know whether students are in the vocational track (VHS) or not (GHS/THS). Only from grade 8 onward we have detailed information on courses of study, so that we can group students into the disappears. These estimation results are not reported for the sake of brevity, but available from the authors upon request.
five tracks. However, we do observe the track in which students end up in grade 8, denoted by tr i8 . This information together with the observed outcomes in the first high school year Y i1 (e.g. that no student repeats grade 8) and the institutional setting in which students can only downgrade tracks conveys information about the possible starting track tr i7 . For example, students who are in GHS + (VHS) in grade 8 (7), surely were also in GHS + (VHS) in grade 7 (8), as track upgrading is not allowed. 28 For the same reason, students in GHS − in grade 8 could not have been in THS or VHS in grade 7. More generally, in other situations the likelihood of having chosen a particular track in grade 7 (tr i7 ), given the observed track in grade 8 (tr i8 ) and the observed outcomes in the first high school year Y i1 , can be shown, using Bayes' rule, to be related to the structural schooling outcomes that we model. In this way we can, when we sum out of the track choices from the likelihood function in (4), assign more weight to tracks chosen in grade 7 that are according to our model more likely, given tr i8 and Y i1 . This is related to the strategy used by Mroz et al. (2016) to solve the partial observability of the time at which persons with diabetes progress to the next disease stage. However, while Mroz et al. (2016) use uniform weights to integrate out the unknown time moments, we bring in additional information about tr i7 that allows to adjust these weights. The reader can find the technical details of this procedure in Online Appendix B.
Empirical Results
The estimated parameters of the econometric model are reported in Online Appendix D. We present the estimates of three models: without unobserved heterogeneity, with grade-constant and with gradevarying unobserved heterogeneity. As mentioned in Subsection 4.4, the number of points of support of the discrete one-factor heterogeneity distribution are chosen such that the AIC is minimized. The resulting number of support points M is 3, both for the specification controlling for grade-constant and the one controlling for grade-varying unobserved heterogeneity. According to the AIC, the latter model is to be preferred. Hence, this model is chosen as benchmark in the discussion below.
Since the marginal effects are complicated and their direction and magnitude are not determined entirely by single estimated coefficients, we prefer not to discuss the estimated parameters in the main text, which are therefore reported in Online Appendix D. Instead, we simulated the model under different counterfactual scenarios of interest to infer the average treatment effects on the treated (ATT) of retentions, relative to unconstrained or constrained promotions in different moments of the high school career on future educational outcomes (Subsection 5.2). However, before reporting these counterfactual simulations, we first use the simulations to check the performance of our model in terms of goodness-of-fit (Subsection 5.1).
The simulations were conducted as follows. We randomly drew 999 vectors from the asymptotic Normal distribution of the model parameters. This ensures that the simulations also capture the uncertainty due to estimation. Subsequently, in each of the 999 simulations the drawn parameters were used to calculate the probabilities associated to each heterogeneity type. These probabilities were then used to randomly assign to each pupil in the sample a heterogeneity type. Thereafter, based on these random draws of parameters and heterogeneity types, the full sequence of high school decisions from track choice at the start of high school until drop-out or high school graduation was simulated for each pupil in the sample. Each choice was simulated sequentially, based on the chosen logit specifications reported in Online Appendix C. To determine the outcome of the choice a random draw from the standard and, across the sample, independent uniform distribution was compared to the thresholds that the simulated ordered logits imply. These thresholds determined segments on the unit interval that correspond to particular choices. The assigned choice depended on the segment in which the random number fell. Once a choice was assigned it was saved and conditioned upon in the subsequent choice. In each of the 999 simulations this procedure ended if all sampled individuals either had dropped-out or graduated from high school.
In the sequel, the model prediction of a particular outcome refers to the average of these 999 simulations. The empirical percentiles provide estimates of the thresholds of the 95% confidence intervals (CI). 29 Average treatment effects on the treated (ATTs) are estimated by the average difference between two (counterfactual) outcomes: one in which the treatment of retention is predicted by the model -i.e. a C evaluation is realized -and one in which a counterfactual treatment of no retention -i.e., in our benchmark approach, an A evaluation -is enforced. The average is taken over the individuals who in the simulation are treated. Table 4 provides an insight into the goodness-of-fit of our preferred model, i.e. the model with gradevarying unobserved heterogeneity. It allows us to answer the question whether the simulated proportions, based on the aforementioned parameter sets and simulation procedure, predict the observed proportions in the data well. More concretely, simulated and actual fractions are compared (I-III) for school outcomes in grades 8 to 10, i.e. obtaining an A in the end-of-year evaluation and repeating the grade (forced after a C or chosen after a B); (IV) high school graduation; and (V) years of schooling delay in the last compulsory schooling year, i.e. in the school year that ends in the calendar year that the student becomes 18. We selected these outcomes for a goodness-of-fit analysis, because these are the relevant ones in the counterfactual simulations. We report for each of these outcomes the predicted sample average, as well as the predicted sample aver age for the subgroups that repeated grades in one of the preceding years and the groups that did not. For instance, for the school outcomes in grade 9 we not only report the sample averages, but also those of the subgroups that were retained in the previous year, i.e. in grade 8.
Goodness-of-fit
Actual and simulated probabilities for the mentioned outcomes are very comparable. Only with respect to repeating the grade after the first year in grade 2, the actual probability (4.0%) is different from the simulated probability (4.8%) at a 10% level of significance. Therefore, we conclude that our model captures the dynamic choices in high school very well.
ATTs Based on Counterfactual Simulations
In this subsection, we answer our research questions. We do this by presenting ATTs with respect to grade repetition, both with a short-term focus (effect in the subsequent grade) and with a long-term focus (effect on high school graduation and on delay at the start of the last compulsory schooling year). In a first step, we present our benchmark simulation results, i.e. the ATTs of being retained (i.e. obtaining a C) in grade 8 (the first observed retention in high school) relative to be promoted to the next grade (i.e. obtaining an A). In a second step, we contrast the results obtained with our benchmark model with grade-varying unobserved heterogeneity to those obtained if the heterogeneity is constant over grades or if unobserved heterogeneity is completely ignored. In a third step, we consider alternative dimensions of the effect of retention: (i) Does the timing of retention matter (grade 8 compared to grades 9 and 10)? (ii) Does it affect school track choices? (iii) Is the effect 177 [0.160, 0.194] Notes: All predictions are based on 999 simulations that allow for the uncertainty of the estimated parameters. The model prediction (simulated probability) is calculated as the average outcome for these simulations. ***, **, * indicate a significant difference between prediction and actual outcome at the 1%, 5%, 10% significance levels, respectively.
heterogeneous across the treated population? Finally, we contrast grade retention with the alternative remedial strategy of forced track downgrading, i.e. we contrast a C with a B.
Short-and Long-Term Effects of Retention in Grade 8
Model (1) of Table 5 presents the average effect of retention in grade 8 when controlling for gradevarying unobserved heterogeneity. In the short-term, the impact on the evaluation in the next grade, i.e. in grade 9, is virtually zero. This means that grade-repetition does not improve the academic performance and is therefore ineffective. In the long-term this adverse outcome is reinforced, because those who were retained in grade 8 are 13.5 percentage points less likely to graduate from high school with a diploma. In addition, these pupils catch up only marginally relative to the counterfactual of no retention: their delay at the start of the last compulsory schooling year is only slightly lower than one year. This means that, if the student would have been promoted, (s)he would not face a particularly higher risk to be retained in a subsequent year than if (s)he was initially retained. Notes: All statistics are based on 999 random simulations of the treated sample that allow for the uncertainty of the estimated parameters. The ATTs are calculated by subtracting the average outcome in case of the counterfactual of no grade retention from the average outcome in case of a retention. ***, **, * indicate whether the ATT is significantly different from 0 (1) in panels I and II (panel III) at the 1%, 5%, 10% significance levels, respectively.
Comparing Models (2) and (3) in Table 5 to Model (1) allows us to judge the bias in the treatment effects when not controlling for (grade-varying) unobserved heterogeneity. On the one hand, this shows the standard result that not controlling for unobserved heterogeneity biases in the direction of more adverse ATTs. On the other hand, this bias seems to be slightly over-corrected when unobserved heterogeneity is assumed to be time constant rather than grade-varying.
Alternative Dimensions of the Effect of Grade Retention
In this subsection, we inspect whether the treatment has a different effect when occurring later, whether it also affects track outcomes and whether it is heterogeneous by the ability of the pupils. First, we investigate whether the timing of grade retention matters. What happens if students are retained in a later grade: grade 9 or 10 instead of grade 8? Table 6 presents the results. These differ only marginally from those presented in Table 5 . This suggests that grade retention induces a psychological shock with, irrespectively of the repeated grade, an immediate adverse impact: if, by contrast, the adverse impact would have gradually built-up, then the long-term effects of retention in later grades should have been smaller than in earlier grades. Table 7 reports the effect of grade retention in grade 8 on track choices, both in the short-term (in grade 9) and in the long-term (in the last compulsory schooling year). As to facilitate the presentation, Notes: All statistics are based on 999 random simulations of the treated sample that allow for the uncertainty of the estimated parameters. The ATTs are calculated by subtracting the average outcome in case of the counterfactual of no grade retention from the average outcome in case of a retention. Panel I is empty for treatments in grade 10 since not all individuals reach grade 11 (and therefore outcomes for the latter year cannot be calculated for all individuals). ***, **, * indicate whether the ATT is significantly different from 0 (1) in panels I and II (panel III) at the 1%, 5%, 10% significance levels, respectively.
we group the five tracks into three. The findings show that retention is increasing the likelihood of a track downgrade, and this already in the subsequent grade. In case of retention, the likelihood of being in the general track (GHS) falls by as much as 18 percentage points, while the likelihood of being in the vocational track increases by as much as 13 percentage points. Both effects are highly significant. This might be related to the adverse effect of retention on pupils' self-esteem mentioned in the Introduction of this study. In the long-term, i.e. when we consider the impact of retention on the track choice in the last compulsory schooling year, we observe that the negative effect on being in the general track is about 5 percentage points less negative than in the short-term. This suggests that part of the pupils that were retained in the general track, would downgrade anyway subsequently, even if they would not have been retained in grade 8. By contrast, the impact on those in the vocational track does hardly change over time. Similar to FNT and GGR we allow the treatment effect to depend on observed and unobserved characteristics, i.e. we allow for essential heterogeneity. However, in contrast to the aforementioned authors, we do not consider the treatment heterogeneity for the full sample, but only for the subsample of treated (i.e. retained) pupils. We believe that it would be problematic with our data to estimate the effect of retention on the untreated subsample, because many of them are very unlikely to be retained: there is no common support.
To obtain some insight in the extent of treatment heterogeneity, we ordered the treated individuals in each simulation according to the quartiles of the linear index of the evaluation at the end of grade 8 as defined by Equation (A-8) in Online Appendix C.2. In Table 8 we report the average treatment effects of a retention in grade 8 by these quartiles. Given that we restrict our analysis on the subsample of retained students, those with very high values in terms of the linear index must be very close to the threshold above which they would have obtained a B rather than a C. We therefore label pupils within the fourth quartile of this index, as those "at the margin of retention". In line with the research based on RDD, we find that these marginal students increase their academic achievement in the subsequent grade, be it only significant at the 10% level. The ATTs on high school graduation and delay are also less adverse for this quartile. As FNT, we find that retention of the lowest ability students decreases the academic achievement and drives the significantly positive effect on high school drop-out and on years of delay in the last compulsory schooling year. 30 Finally, panel III also suggests that the high Notes: All statistics are based on 999 random simulations of the treated sample that allow for the uncertainty of the estimated parameters. The ATTs are calculated by subtracting the average outcome in case of the counterfactual of no grade retention from the average outcome in case of a retention. ***, **, * indicate whether the ATT is significantly different from 0 at the 1%, 5%, 10% significance levels, respectively.
ability pupils significantly reduce the schooling delay by about 20%, while the low ability students do not catch-up at all. The finding that grade retention has the most adverse implications for the pupils with the lowest ability is surprising, because one could expect that these pupils are the least ready for promotion. Yet, promoting them appears to be a better option than having them repeat the grade. To understand this apparent contradiction, one should not forget that our analysis only identifies the relative outcome of retention versus that of not being retained. In absolute terms promoting these low ability pupils might still result in poor outcomes. Our findings only claim that by retaining these students matters will not improve, presumably because the extra time that these students thereby obtain to catch up with the grade level requirements is not sufficient to counterbalance the psychological costs associated with retention. The fact that in Flanders retained students lack sufficient professional guidance might explain this, but whether such professional support would be sufficient to reverse the negative consequences of grade retention remains to be proven.
The Effect of Grade Repetition Relative to Forced Downgrading
In the Flemish setting there are three (A, B and C) instead of two (pass or fail) evaluation outcomes. This allows to consider the relative performance of grade repetition (C) to forced downgrading (B) 31 as alternative remediation strategy. In Table 9 we present, as in the previous tables, the ATTs of repeating grade 8. However, instead of contrasting grade retention to an unconstrained promotion to the next grade (i.e. an A), we now compare it to obtaining a forced downgrade (i.e. a B). Neither the ATT on the evaluation in the subsequent grade, nor the effect on high-school graduation of this alternative remediation strategy is significantly better than grade retention. Awarding a B rather than a C does lead to significantly less delay by the end of high school. However, the delay remains more in line with our findings on drop-out, their likelihood of accessing grade nine decreases significantly, and more so than higher ability students. 31 Recall that downgrading can be avoided by repeating the grade. Notes: All statistics are based on 999 random simulations of the treated sample that allow for the uncertainty of the estimated parameters. The ATTs are calculated by subtracting the average outcome in case of the counterfactual of no grade retention from the average outcome in case of a retention. The first quartile is the one with the lowest value for the linear index of the evaluation in grade 8. ***, **, * indicate whether the ATT is significantly different from 0 (1) in panels I and II (panel III) at the 1%, 5%, 10% significance levels, respectively.
important than in the counterfactual of an A (see Table 5 ). More generally, compared to the baseline, which contrasts a C to an A (Table 5) , remediating by a forced downgrade (a B) does not improve relative to the alternative of allowing promotion to the next grade (an A). However, the fact that overall this alternative remediation strategy is not significantly better than grade retention does not mean that it may not perform better (or worse) at some levels of student's ability. Therefore, in Table A-13 of Online Appendix F, we report the ATTs after grade 8 of a C versus a B outcome by the four quartiles discussed above. This additional analysis shows that for the three highest quartiles the ATTs of a C versus a B roughly mirrors the aforementioned overall ATTs mentioned in Table 10 suggesting only minor heterogeneity in this treatment effect. By contrast, for the lowest ability group both the short-(evaluation in grade 9) and long-run effect (high school graduation) of a C versus a B resembles the corresponding ones found for the contrast between C and A, as reported in Table 9 . This suggests that for the lowest ability group remediation by forced downgrading (B) would lead to a better performance than grade retention (C). Nevertheless, it would not improve upon just passing the grade (A) and, hence, it would neither be a remediation strategy to recommend. Finally, forced downgrading later in the educational career, i.e. after grade 9 or grade 10 (Table A-14) , leads to qualitatively similar outcomes as in grade 8 (Table 9 ).
Conclusions
We empirically analyzed the short-and long-term effects of grade retention in high school on academic performance and high school graduation. To this end we set up a dynamic discrete model that captures all major high school choices in Flanders, the Dutch speaking region in the North of Belgium. Based on a rich survey of a sample of pupils born in 1978 and 1980, we estimated the Notes: All statistics are based on 999 random simulations of the treated sample that allow for the uncertainty of the estimated parameters. The ATTs are calculated by subtracting the average outcome in case of the counterfactual of no grade retention from the average outcome in case of a retention. ***, **, * indicate whether the ATT is significantly different from 0 at the 1%, 5%, 10% significance levels, respectively.
school choices of these high school students based on a factor analytic dynamic discrete choice model (Carneiro et al., 2003; Heckman and Navarro, 2007) . In contrast to regression discontinuity designs, this approach allows to capture treatment heterogeneity and to control for grade-varying unobservable determinants. We contributed to the literature by proposing a method to deal with initial conditions and take partial observability of track choice at the start of high school into account. Moreover, we considered forced track downgrading as an alternative remedial measure. Since the estimation results could not be directly interpreted, counterfactual simulations of the model were used to obtain estimates of the aforementioned treatment effects. Even if our results indicate that grade retention leads to neutral effects on academic achievement in the short-run, in the long-run grade retention has adverse effects, because it leads to higher drop-out rates, substantial schooling delay and downgrading within the hierarchical tracking system in Flemish high school. In line with the findings of FNT and GGR, we also found substantial heterogeneity in the effects of grade retention relative to allowing the student to be unconditionally promoted to the next grade. Lower ability students are clearly more adversely affected than those with higher ability. This is important, because it explains why studies using RDD obtained more favorable results. RDDs identify the treatment effect of higher ability students who are on the margin of being retained. Finally, our study finds that the alternative remedial measure used in the Flemish schooling system, namely forced downgrading, improves relative to retention only in that it does not lead to as much schooling delay by the end of high school. However, relative to unconditionally passing to the next grade, there is no improvement. Hence, the challenge remains to find more successful remediation strategies.
